Three experiments were conducted to determine the digestible lysine requirement of female turkey poults during the starter period. Birds were fed a standard corn-soybean meal diet until the onset of each trial and were then randomly assigned to treatments that were fed for 2 wk. Dietary treatments included titrated levels of digestible lysine (1.18 to 1.72%) added to a basal corn-soybean meal diet with an intact crude protein content of either 21% (Experiment 1) or 18.4% (Experiments 2 and 3). All diets contained 3,100 to 3,200 kcal ME n /kg. True digestible lysine contents of the basal diets were 1.42% (Experiment 1) and 1.18% (Experiments 2 and 3), based on digestibility assays of corn and soybean meal with cecectomized turkeys. A positive control diet (28% CP, 3,175 kcal ME n /kg) was also included in the treatments for comparison. Other amino acids were maintained at levels in relation to lysine based on previous research and the Illinois Ideal Chick Protein. Broken-line analysis suggests that the digestible lysine requirement is 1.32% for optimum body weight gain and 1.34% for optimal feed:gain at the energy levels used in these studies.
INTRODUCTION
Turkey diets are commonly formulated on a crude protein basis with constraints put on levels of lysine and the sulfur amino acids. This method of formulating does not take into account amino acid imbalances, interactions, protein availability or digestibility, or other factors such as environment and genetics. It has been postulated that due to drastic changes in growth and carcass characteristics of turkeys over the years, the capacity for lean tissue deposition may have increased at a rate faster than that of appetite. This could result in a higher concentration of dietary amino acids required by the turkey than those recommended by the NRC (Heartland Lysine, 1992) . The availability of crystalline amino acids has made it possible to consider formulating for indispensable amino acids.
A diet that meets the amino acid requirements of an animal with available amino acids, containing no excess or deficiency, would comprise a perfectly balanced protein diet. Requirements for growth and maintenance would be satisfied, taking amino acid availability and digestibility into account. Researchers have been working for years to develop the ideal protein for chicks (Dean and Scott, 1965; Huston and Scott, 1968; Sasse and Baker, 1973; Baker et al., 1979; Baker and Han, 1994) . The Agricultural Research Council (1981) was the first to publish the ideal protein for growing pigs, which has since been revised by other researchers (Wang and Fuller, 1989; Chung and Baker, 1992) .
Lysine is used as the reference amino acid for the ideal amino acid profile because more information is known about its concentration in feedstuffs. Lysine is also the second-limiting amino acid in poultry diets (after methionine); its main purpose being for protein synthesis (Baker and Han, 1994) . Because all amino acids are in relation to lysine in an ideal ratio, it is important to have an accurate lysine requirement on a digestible basis for the group of animals for which the diets are being formulated. If errors are made in the determination of the lysine requirement, all other amino acids will also be estimated incorrectly.
The ideal amino acid profile for growing turkeys has yet to be elucidated. However, it has been suggested that the amino acid profiles for broilers would be close to those required for turkeys and that additional threonine, sulfur amino acids, and tryptophan would aid growing turkeys 16 to 20 wk old .
The NRC (1994) recommends 1.60% total dietary lysine for turkeys 0 to 4 wk of age. However, with the exception of a modeling study by Hurwitz et al. (1983) , the latest research that this recommendation is based 2 Mineral mixes provided the following per kilogram of diet: manganese, 110 mg; zinc, 110 mg; iron, 60 mg; iodine, 2 mg; magnesium, 27 mg; selenium, 0.18 mg.
3 An amino acid mixture was added at the expense of sucrose to the basal diet for each dietary treatment. Essential AA were maintained at a constant ratio to lysine. Specifically, Lys 100%, Met + Cys, 75%; Arg, 105%; Trp, 16%; His, 36%; Leu, 124%; Ile, 93%; Phe + Tyr, 105%; Thr, 72%; Val, 94%. 4 Other amino acids were added as lysine was increased to keep the same estimated ratio:lysine 100%. All amino acid values are digestible.
5 Amino acid mixture and NaHCO 3 (1% of diet) were added at the expense of sucrose. Glutamic acid was then added to replace the remaining amount of sucrose. (Almquist, 1952; Balloun and Phillips, 1957; Kummero et al., 1971; Tuttle and Balloun, 1974; D'Mello and Emmans, 1975; Hurwitz et al., 1983) . A review of the literature revealed that no research has been conducted to determine the digestible lysine requirement for turkeys. The following experiments were conducted to determine the digestible lysine requirement for female turkeys during the starter period with body weight gain and feed conversion being the response criteria.
MATERIALS AND METHODS

Basal Diet
Two basal diets (Table 1) were formulated to contain 21.6% intact crude protein (Experiment 1) or 18.4% intact crude protein (Experiments 2 and 3) from corn and soybean meal. The first diet contained a higher CP level because the dietary level of lysine for titrations was higher in the first trial than in the following trials. Crystalline amino acids were added at the expense of sucrose to meet the ideal digestible amino acid profile that has been estimated for turkeys (Firman and Boling, 1997) . The profile is based on the Illinois Ideal Chick Protein (Baker and Han, 1994) and previous trials conducted by this laboratory (Firman, 1992a) . The estimated ratio supports maximal growth in comparison to a positive control diet. The levels of sulfur amino acids, tryptophan, histidine, arginine, and phenylalanine-tyrosine are similar to the ratio for broilers 0 to 21 d of age. Threonine, isoleucine, leucine, and valine are estimated to be higher for the poult than for the chick ratio. All essential amino acids were held at a constant ratio to lysine to obtain the same ratio for all treatments. Specifically, lysine, 100%; methionine + cysteine, 75%; arginine, 105%; tryptophan, 16%; histidine, 36%; leucine, 124%; isoleucine, 93%; phenylalanine + tyrosine, 105%; threonine, 72%; and valine, 94%.
All amino acids were supplied as L-isomers with the exception of methionine, which was provided in the DLisomer form. Amino acids were supplied as free base forms, except for lysine (lysine-HCl) and histidine (Lhistidine-HCl-H 2 0). Lysine-HCl (98.5%), threonine (98%), and methionine (99%) were provided as feed-grade sources; the other amino acids were pharmaceutical grade. The free amino acids were assumed to be 100% truly digestible . All diets were made isonitrogenous by addition of glutamic acid to obtain 28% crude protein in all diets. Diets were also isocaloric, containing 115% of the NRC (1994) recommendation for energy.
Diets were formulated on a digestible amino acid basis using least-cost software. The corn and soybean meal used in each experiment were analyzed for amino acid content by the Experiment Station Chemical Laboratory (University of Missouri, Columbia, MO 65211) using the AOAC Method 15:982.30 (AOAC, 1990) . The separation and analysis of the amino acids was performed on a Beckman 6300 Amino Acid Analyzer equipped with a high performance cation exchange resin column. Amino acid detection was accomplished with post-column ninhydrin derivatization. Norleucine was used as the internal standard. Data collection and compression were achieved via a Beckman Model 406 interface between the amino acid analyzers and to computers possessing Beckman System Gold software. The digestible amino acid content of the feedstuffs was calculated using analyzed amino acid values of corn and soybean meal for each experiment and digestibility coefficients for turkeys (Firman, 1992b; Firman and Remus, 1993) . For each dietary treatment, the 
Poults and Feeding Regimen
Female, 1-d-old Hybrid turkey poults were obtained from a commercial hatchery for each experiment. All birds were housed in stainless-steel battery cages with raised wire floors in environmentally controlled rooms. Lighting was continuous at 24 h and feed and water were consumed ad libitum. A standard corn-soybean meal diet that met or exceeded NRC (1994) recommendations was provided until the onset of the trial. Experiment 1 started on Day 13 and concluded on Day 27; Experiment 2 was conducted from Day 13 to 26; and Experiment 3 was from Day 8 to 21. At the onset of each trial, birds were grouped by weight in order to maintain uniformity among pens. The average body weight across a treatment was the same. Birds were individually weighed, wing-banded, and randomly assigned to pens. There were five birds per pen in Experiment 1 and six birds per pen in Experiments 2 and 3. Experiment 1 had six dietary treatments with seven replicate pens per treatment (210 birds); Experiments 2 and 3 each had six dietary treatments with eight replicate pens per treatment (288 birds). Additionally, a positive control diet that met or exceeded NRC (1994) requirements was fed as a treatment in Experiments 2 and 3 to ascertain maximal growth response. Birds had ad libitum access to water and feed for the duration of the experiment. At the conclusion of the trial, birds were individually weighed and feed intake per pen was measured. Average weight gain per bird, average feed: gain, and average feed intake per bird were calculated for each pen.
Statistical Analysis
Treatment effects were analyzed with ANOVA using STATVIEW ® software. The DLYS requirement was then estimated for both body weight gain and feed conversion using least squares analysis and broken-line methodology (Robbins et al., 1986) with SAS ® software (SAS Institute, 1985) where appropriate.
RESULTS AND DISCUSSION
The corn and soybean meal used in the basal diets were analyzed for each experiment. Analyzed amino acid values were then used to calculate the dietary lysine content. The basal diet utilized in Experiment 1 contained 1.57% total lysine. This percentage was calculated to be 1.41% on a digestible basis, obtained by multiplying analyzed amino acid values by the digestibility coefficients of turkeys for corn and soybean meal (70.1% digestibility of lysine in corn; 89.5% digestibility of lysine in soybean meal) that were experimentally derived using a true amino acid digestibility assay in cecectomized turkeys. The same analyses and calculations were performed for Experiments 2 and 3, which both contained 1.31% total lysine in the basal diet. This percentage is equivalent to 1.18% digestible lysine. Performance of birds fed dietary treatments with adequate lysine levels was similar to poults receiving a positive control corn-soybean meal diet.
Experiment 1 used the NRC (1994) lysine recommendation of 1.60% (total) as a starting point to see whether the actual requirement was possibly above this point. However, data from this trial indicated that there was no additional benefit of digestible lysine above 1.42%. No significant differences (P > 0.05) were detected in body weight gain, feed:gain, or feed intake (Table 2 ). This result indicated that the birds were on the plateau of a growth response curve that would be generated by graded amino acid supplementation to a diet (D'Mello, 1994) .
Dietary digestible lysine was lowered in Experiment 2, based on results from Experiment 1. Data are shown 1 Data from the positive control corn and soybean meal (PC) diet were not included in the statistical analysis.
2 Probability of whole model test. Please see Figure 1 and 2 for broken-line analysis.
3 SEM differed in treatments 1.29 and 1.38%; n = 7. in Table 3 . No significant responses were observed beyond 1.36% digestible lysine for weight gain or feed conversion.
The above results led to Experiment 3, which narrowed lysine titration levels so the requirement could be estimated more accurately. Lysine was titrated in 0.03 percentage unit increments. Amino acid analysis of the 1.32% diet fed in Experiment 3 contained 1.44% total lysine. Feed intake did not differ greatly among treatments. Data are shown in Table 4 . Broken-line analysis of this data suggests that the digestible lysine requirement for female poults is 1.32% for optimal body weight gain (Figure 1 ) and 1.34% for optimal feed conversion ( Figure 2) .
Performance of birds fed dietary treatments with adequate lysine levels was equal to birds receiving a positive control corn-soybean meal diet that was formulated to meet NRC (1994) amino acid recommendations and contain the same quantity of energy as the experimental treatments. It is also important to note that the differences in values among experiments can best be explained by the fact that the trials started and ended at slightly different ages, although they were all performed during the starter period.
Results from these experiments suggest that the digestible lysine requirement for turkey poults during the starter period is 1.32% for optimal body weight gain and 1.34% for optimal feed conversion at the energy levels used in these studies. The dietary treatments exceeded NRC recommendations for energy, but this excess was not believed to affect the outcome of the experiments. The inclusion of dietary fat was considered to be necessary in order to allow for a better mix and maintain intake. Other studies conducted in our laboratory have confirmed that high levels of energy do not have a detrimental effect on performance.
When a standard corn-soybean meal diet containing 1.60% total dietary lysine is calculated on a digestible basis, it contains between 1.45 to 1.50% digestible lysine. This level is higher than the results obtained from these experiments. However, it is important to keep in mind that the amino acid requirements are expressed as a percentage of the diet. Reasons for the apparently higher requirements based on nondigestible values include poor quality feedstuffs, possible imbalances of amino acids, diets limiting in energy, or diets that used lower digestibility ingredients. As the turkey has evolved, it has become more efficient. The improvement in efficiency is largely due to reaching market weights at a younger age, thereby decreasing maintenance energy requirements to that same body weight. A 20-wk-old tom weighed approximately 10.9 kg with a feed conversion of more than 3.2 in 1976; whereas currently, toms are marketed at 18.5 wk of age, weighing 14 kg with a 2.69 feed conversion (Lilburn, 1992; Sell, 1996) . Accurate digestible amino acid requirements could be economical, as well as provide the data needed for establishing an ideal amino acid profile for the turkey.
